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TITLE OF THE INVENTION 

METHOD OF MANUFACTURING FIBER-REINFORCED 



THERMOPLASTICS 

BACKGROUND OF THE INVENTION 

Field of the Inventioa 

[0001] This invention relates to a method of manufacturing a fiber- 
reinforc^i thermoplastics, and fiber-reinforced diermoplastics 
manufactured by the method. 
Related Background of the Invention 

[0002] A fiber-reinforced thermoplastics (FRTP) is a thermoplastics 
resin which is reinforced by fibers to increase its streng^ and since it 
can be recycled v^ch is difBcult with fiber-reinforced thermosetting 
plastics (FRP) comprising a thermosetting resin reinforced by fibers, it 
is finding wider applications in recent years. This FRTP is generally 
manufactured by kneading a tiiermoplastics resin together with 
reinfi)rcing fibers (J^an Composite Material Institute, "Composite 
Material Handbook", Nikkan Kogyo, 20 November, 1989, pages 554- 
567). 

SUMMARY OF THE INVENTION 

[0003] However, in the aforesaid prior art, since an FRTP obtained by 
kneading contains a high molecular weight thermoplastics resin as a 
binder polymer, when molded products were manufactured, the resin 
had a hi^ viscosity so that flow properties were poor, and consequently 
it was not possible to manufacture large molded products or those with 
complex shapes which required a large amount of material to flow at 
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one time. The heating temperature used during molding can be raised 
in order to improve the flow properties, but in this case, the 
thennoplastics resin decomposed or deteriorated due to the fcict that the 
higji temperature was maintained for long periods. Also, since the 
5 thermoplastics resin is a polymer, when manufacturing an FRTP by 
kneading together with reinforcing fibers, the thennoplastics resin is not 
completely impregnated by the reinforcing fibers, so the reinforcing 
fibers were damaged, and voids occurred at the interfaces between the 
plastic resin and the reinforcing fibers. 

10 [0004] It is therefore an object of the present invention to provide a 
method of manufacturing a fiber-reinforced thennoplastics which can be 
applied to the manufacture of various molded products including those 
with intricate or con^lex shapes, which does not damage the 
reinforcing fibers, and which can suppress voids occurring at the 

15 interfaces between the thennoplastics and reinforcing fibers to a large 
extent. 

[0005] In order to reahze the above objects, the present invention 
provides a method of manufacturing a fiber-reinforced thermoplastics 
comprising a mixing step wherein an uncured thermosetting resin is 

20 mixed with reinforcing fibers to obtain a mixture, and a reaction step 
wherein the thermosetting resin is made to undergo a polymerization 
reaction in the aforesaid mixture, so that the thermosetting resin 
polymerizes to form a thennoplastics. In this context, the term 
"thermoplastic resin" means a reactive compound (comprising 1, 2 or 

25 more moeities) having a fimctional group and a number of fimctional 
groups capable of thermosetting which form a thermoplastics 
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(thermoplastic resin) by polymerizing in the reaction step. Specifically, 
in the reaction step, the "thermosetting resin" mainly produces a linear 
polymer in the polymerization, but the polymer may partially have 
three-dimensional CTOsslinking provided that it maintains thermoplastic 
5 properties, 

[0006] In the manufacturing method of this invention. After the 
mixture obtained at the mixing step is injected into a mold of desired 
shape, or laminated by the spray layup method or hand layup method 
after adjusting the viscosity, and a polymerization reaction is made to 

10 occur by heating the whole to form the fiber-reinforced thermoplastics. 
Hence, molded products having various shapes, including large molded 
products or those with complex shapes, can be easily manufactured 
without defects. Also, since the reinforcing fibers are added before the 
uncured thermoplastic resin is polymerized, the polymerization reaction 

15 can proceed after the reinforcing fibers are fully dispersed throughout 
the uncured thermosetting resin. Therefore, the obtained reinforced 
thermoplastics contains no damaged reinforcing fibers, and voids 
occurring at the interfaces between the thermoplastics and reinforcing 
fibers can be suppressed to a large extent. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing a temperature variation of the storage 
modulus (E^) of a heat melting FRP according to example. 
FIG. 2 is a diagram showing a temperature variation of tan 5 of the heat 
melting FRP according to example. 

25 FIG. 3 is a diagram showing a time variation of weight when the heat 
melting FRP according to example and a RefFRP as a comparison 
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reference were soaked in 10% sulfuric acid. 

FIG. 4 is a diagram showing a time variation of thickness when the heat 
melting FRP according to example and a RefFRP as a comparison 
reference were soaked in 10% sulfuric acid. 
5 FIG 5 is a diagram showing a time variation of weight when the heat 
melting FRP according to example and a RefFRP as a comparison 
reference were soaked in 10% sodium hydroxide aqueous solution. 
FIG. 6 is a diagram showing a time variation of thickness when the heat 
melting FRP according to example and a RefFRP as a comparison 

10 reference were soaked in 10% sodium hydroxide aqueous solution. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0007] Hereafter, some preferred aspects of the method of 
manufacturing a fiber-reinforced thermoplastics and the fiber-reinforced 
thermoplastics obtained by the manufacturing method according to the 

1 5 invention, will now be described. 

[0008] The uncured thermoplastic resin used in the method of the 
invention comprises a first reactive compound and a second reactive 
compound, the polymerization reaction preferably being a polyaddition 
reaction or polycondensation reaction of the first reactive compoimd 

20 and second reactive compound. The reactive compound and 
polymerization reaction may be classified according to the following 
Types 1-10 

[0009] In Type 1, The first reactive compound is a bifunctional 
compound having two epoxy groups, the second reactive compound is a 
25 bifunctional compound having two fimctional groups selected from 
among phenolic hydroxyl, amino, carboxyl, mercapto, isocyanate and 
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cyanate ester, and the polymerization reaction is a polyaddition reaction. 
[0010] Examples of Type 1 are the following Types la- If: 
(Type la) 

[0011] In Type la, the first reactive compound is a bifunctional 
5 compound having two epoxy groups in the molecule, and the second 
reactive compound is a bifunctional compound having two phenolic 
hydroxyl groups in the molecule. In this type, in the reaction step, the 
polyaddition reaction shown below takes place to give tiie fiber- 
reinforced thennoplastics. 



OH 




10 

[0012] The bifimctional compound having two epoxy groups in the 
molecule may be for example a mononuclear aromatic diepoxy 
compound having one benzene ring such as catechol diglycidyl ether, 
resorcin glycidyl ether and phthalic acid diglycidyl ester, an alicyclic 

15 diepoxy compound such as dimethylol cyclohexane diglycidyl ether, 
Celloxide 202 IP (commercial name, Daicell Chemical Industries Ltd.) 
or limonene dioxide, bisphenol epoxy compounds such as bis(4- 
hydroxyphenyl)methanediglycidylether, bis(4- 
hydroxyphenyl)ethanediglycidylether and bis(4- 

20 hydroxyphenyl)propanediglycidylether, or partially condensed oligomer 
mixtures thereof (bisphenol type epoxy resins), tetramethylbis(4- 
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hydroxyphenyl)methanediglycidylether and tetrainethylbis(4- 
liydroxyphenyl)ether di glycidylether Epoxy resins which ehibit 
crystallinity when used alone such as biphenyl or tetramethyl biphenyl 
type epoxy resins, bisphenylfluorene or biscresolfluorene type epoxy 
5 resins, or hydroquinone or di-t-butylhydroquinone type epoxy resins, 
can also be used if diluted to the extent that they do not crystallize. 
[0013] In order to reduce the temperature at which a re-melting occurs, 
part of this compoirad may be substituted by a monofunctional epoxy 
compound such as a mononuclear aromatic mono-epoxy compound 
10 having one benzene ring such as for example p-tert- 
butylphenylglycidylether or sec-butylphenylglycidylether, preferably 
within the range of 5-30 wt%. 

[0014] The bifimctional compoimd having two phenolic hydroxyl 
groups in the molecule may be for example a mononuclear aromatic 

15 dihydroxy compound having one benzene ring such as for example 
catechol, a bisphenol such as (4- hydroxyphenyl)propane (bisphenol A), 
bis(4-hydroxyphenyl)methane (bisphenol F) or bis(4- 
hydroxyphenyl)ethane (bisphenol AD), a compound having condensed 
rings such as dihydroxynaphthalene, or a bifunctional phenol compound 

20 into which an allyl group has been introduced such as diallyl resorcin, 
diallyl bisphenol A or triallyl dihydroxybiphenyl. Crystalline 
compounds such as hydroquinone may be diluted to the extent that they 
do not crystallize. 

[0015] To increase adhesive strength, part of the component 
25 ingredients may be substituted by a phenolic compound having three or 
more functional groups such as for example pyrogallol, fluoroglucinol. 
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trinuclear phenol novolak or tiie formaldehyde condensate of catechol, 
preferably within the range of 1-20 wt%. 

[0016] Polymerization catalysts which may be used in Type 1, and 
particularly Type la or Ic described later, are phosphorus catalysts, 1,2- 
5 alkylenebenzimidazole (TBZ): 

p(CH2)ir-i 

(where n is an integer in the range 2-6, but preferably 3-4), and 
2-aryl-4,5-diphenylimidazole (NPZ): 




Ar 



10 (where Ar is an aryl group, preferably phenyl, tolyl or xylyl). These 
may be used alone, or two or more may be used together. A 
phosphorus catalyst can improve reflow properties, and is therefore 
preferred. 

[0017] This phosphorus catalyst maybe for example an 
15 oiganophosphorus compound having 3 organic groups, such as for 
example dicyclohexylphenylphosphine, tri-o-tolylphosphine, tri-m- 
tolylphosphine, tri-p-tolylphosphine, cyclohexyldiphenylphosphine, 
triphenylphosphine, triphenylphosphine-triphenylboron complex or 
tetraphenylphosphonium-tetraphenyl borate. Among these, 
20 dicyclohexylphenylphosphine, tri-p-tolylphosphine and. 
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triphenylphosphine-triphenyl boron complex. 
[0018] The usage amount of the polymer catalyst is normally 0.1-1 
parts by weight, more preferably 0.1-0.8 parts by weight and especially 
preferably 0.2-0.6 parts by weight relative to 100 parts by weight of the 
5 first reactive compound from the viewpoint of adhesion/bonding 
strength and remelting properties. 
(Type lb) 

[0019] In Type lb, the first reactive compound is a bifunctional 
compound having two epoxy groups in the molecule, and the second 
10 reactive compound is a bifimctional compound having two amino 
groups in the molecule. In this type, in the reaction step, the following 
polyaddition reaction takes place, and a fiber-reinforced plastic having 
thermoplastic properties is thus obtained. 




15 (Type Ic) 

[0020] In Type Ic, the first reactive compound is a bifimctional 
compound having two epo^ groups in the molecule, and the second 
reactive compound is a bifimctional compound having two carboxyl 
groups in the molecule. In this type, in the reaction step, the following 

20 polyaddition reaction takes place, and a fiber-reinforced plastic having 
thermoplastic properties is thus obtained. 



2005$ 6fl24B mm SOEI PATET i LAW FIRM 



NO. 2147 P. 19 
FP03-0436-00 



+ HOOC-^)-COOH 



-^©H^o o-chQ-c-o o— 

OH ° OH 



(Type Id) 

[0021] In Type Id, the first reactive compoimd is a biflmctioDal 
compoimd having two epoxy groups in the molecule, and the second 
reactive compound is a bifimctional compound having two mercapto 
groups in the molecule, hi this type, in the reaction step, the following 
polyaddition reaction takes place, and a fiber-reinforced plastic having 
thermoplastic properties is tiius obtained. 

0 

(0)+<0>-o' ¥ + HS^°^°^^ 



0 



OH 



Jn 



10 (Type le) 

[0022] In Type le, the first reactive compound is a bifimctional 
compound having two epoxy groups in the molecule, and the second 
reactive compound is a bifimctional compound having two isocyanate 
groups in the molecule. In this type, in the reaction step, the fi)llowing 

15 polyaddition reaction takes place, and a fiber-reinfi)rced plastic having 
thermoplastic properties is thus obtained. 
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1,_6 t-6 



Jn 



(Type If) 

[0023] In Type 1^ the first reactive compound is a bifimctional 
conq)oimd having two epoxy groups in die molecule, and the second 
reactive compound is a bifimctional compound having two cyanate ester 
groups in the molecule. In this type, in the reaction step, the following 
polyaddition reaction takes place, and a fiber-reinforced plastic having 
thermoplastic properties is thus obtained. 



o-<0>KO)-o o + N=c-o-<0>KO)-o-c«N 



Jn 



10 (Type 2) 

[0024] In Type 2, the first reactive compound is a bifimctional 
compound having two isocyanate groups, the second reactive compound 
is a bifimctional compound having two fimctional groups selected firom 
among hydroxyl, amino, carboxyl and mercapto, and the polymerization 

1 5 reaction is a polyaddition reaction. 

[0025] Preferred examples of Type 2 are the following types 2a-2d: 
(Type 2a) 
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[0026] In Type 2a, Ae first reactive compound is a bifunctional 
compound having two isocyanate groups in the molecule, and the 
second reactive compound is a bifunctional compound having two 
alcoholic hydroxyl groups in the molecule. In this type, in the reaction 
step, the polyaddition reaction shown below takes place to give the 
fiber-reinforced thermoplastics. 



(Type 2b) 

[0027] In Type 2b, the first reactive compound is a bifunctional 
compound having two isocyanate groups in the molecule, and the 
second reactive compound is a bifunctional compound having two 
phenoUc hydroxyl groups in the molecule. In this type, in the reaction 
step, the following polyaddition reaction takes place, and a fiber- 
reinforced plastic having thermoplastic properties is thus obtained. 



0-C- 



^OH 



"^-^N-C-C^^O-C-N 



H O 



(Type 2c) 

[0028] In Type 2c, the first reactive compound is a bifunctional 
compound having two ^ocyanate groups in the molecule, and the 
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second reactive compound is a bifimctional compound having a 
mercapto group in the molecule. In this type, in the reaction step, the 
following polyaddition reaction takes place, and a fiber-reinforced 
plastic having thermoplastic properties is thus obtained. 



JPI ^ 0^ 0^^" 

O 



H 4 o 



10 



(Type 2d) 

[0029] In Type 2d, the first reactive compound is a bifimctional 
compound having two isocyanate groups in the molecule, and the 
second reactive compound is a bifimctional compound having two 
amino groups in the molecule. In this type, in the reaction step, the 
following polyaddition reaction takes place, and a fiber-reinforced 
plastic having thermoplastic properties is thus obtained. 



>C=N^'''^^^^^N==C=0 + HN NH 



n-c-pT^-c-n 

I 1 \--y II I 

HO OH 



(Types) 

15 [0030] In Type 3, the first reactive compound is a Wftmctional 
compound having two oxazoline groups in the molecule, and tiie second 
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reactive compound is a bifiinctional compound having two carboxyl 
groups in the molecule, and the polymerization reaction is a 
polyaddition reaction. In this type, in the reaction step, the following 
polyaddition reaction takes place, and a fiber-reinforced plastic having 
5 thermoplastic properties is thus obtained. 




Jn 



(Type 4) 

[0031] In Type 4, the first reactive compound is a tetracarboxylic 
dianhydride, the second reactive compound is a bifimctional compound 
10 having a functional group selected fi-om among hydroxy 1 and secondary 
amino, and the polymerization reaction is a polyaddition reaction. 
[0032] 
Type 4 

Preferred examples of Type 4 are the following types 4a-4d: 

15 (Type 4a) 

[0033] In Type 4a, the first reactive compound is a tetracarboxylic 
acid dianhydride, and the second reactive compound is a bifimctional 
compound having two alcoholic hydroxyl groups in the molecule. In 
this type, in the reaction step, the following polyaddition reaction takes 

20 place, and a fiber-reinforced plastic having thermoplastic properties is 
thus obtained. 
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HO OH 



(Type 4b) 

[0034] In Type 4b, the first reactive compound is a tetracarboxylic 
acid anhydride, and the second reactive compoimd is a bifunctional 
compound having two secondary amino groups in the molecule, lii 
this ^e, in the reaction step, the following polyaddition reaction takes 
place, and a fiber-reinforced plastic having thermoplastic properties is 
thus obtained. 




+ HN^NH 



-wo- 

I I 
HO OH 



10 (Type 5) 

[0035] In Type 5, the first reactive compound is a bifunctional 
compound having two (meth)aciyloyl groups, the second reactive 
compound is a bifunctional compound having two functional groups 
selected Jfrom among amino and mercapto, and the polymerization 
1 5 reaction is a polyaddition reaction. 

[0036] Preferr^ examples of Type 5 are the following types 5a-5d: 
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(Type 5a) 

[0037] In Type 5a, the first reactive compound is a bifunctional 
compound having two (meth)acryloyl groups in the molecule, and the 
second reactive compound is a bifunctional compound having two 
amino groups in the molecule. In this type, in the reaction step, the 
following polyaddition reaction takes place, and a fiber-reinforced 
plastic having thermoplastic properties is thus obtained. 



+ HN NH 



(Type 5b) 

10 [0038] In Type 5b, the first reactive compound is a bifimctional 
compound having two (meth)acryloyl groups in tiiie molecule, and the 
second reactive compound is a bifunctional compound having two 
mercapto groups in fht molecule. In this type, in the reaction step, the 
following polyaddition reaction takes place, and a fiber-reinforced 

1 5 plastic having thermoplastic properties is thus obtained. 



O 



o 



15 
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(Type 6) 

[0039] In Type 6, the first reactive compound is a bifunctional 
compound having two allyl groups, the second reactive compound is a 
bifunctional compound having two mercapto groups, and the 
polymerization reaction is a polyaddition reaction. In this type, in the 
reaction step, the following polyaddition reaction takes place, and a 
fiber-reinforced plastic having thermoplastic properties is thus obtained. 



o o 



o 



0 



Jn 



(Type?) 

10 [0040] In Type 7, the &st reactive compound is an 
organopolysiloxane having two hydrogen atoms, the second reactive 
compound is an organopolysiloxane having two vinyl groiq)s, and tiiie 
polymerization reaction is a polyaddition reaction. In this type, in the 
reaction step, the following polyaddition reaction takes place, and a 

1 5 fiber-reinforced plastic having thermoplastic properties is thus obtained. 



CH3/ CH3 \ 
H-Si-fO-Si — }-H 
CH3\ CH3 /m 



CHa CHa 
CHa CHs 



CH3/ CH3 \ 
-Sl-fo-Si — ]— 
QHi\ CH3 /m 



CH3 CH3 
CH3 CH3 



Jn 
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(Type 8) 

[0041] In Type 8, the first reactive compound is a bifiinctional 
compound having two carboxyl groups, the second reactive compound 
is a bifunctional compound having two primary amino groups, and the 
5 polymerization reaction is a polycondensation reaction. In this type, in 
the reaction step, the following polycondensation reaction takes place, 
and a fiber-reinforced plastic having thermoplastic properties is thus 
obtained. 




Jn 



10 (Type 9) 

[0042] In Type 9, the first reactive compound is a tetracarboxylic acid 
dianhydride, the second reactive compound is a bifunctional compound 
having two isocyanate groups, and the polymerization reaction is a 
polycondensation reaction. In this type, in the reaction step, the 

15 following polycondensation reaction takes place, and a fiber-reinforced 
plastic having thermoplastic properties is thus obtained. 



17 



20(151 61248 17^35j) SOEl PATET UAW FIRM NO. 2147 P. 28 

FP03-0436^00 




10 



15 



(Type 10) 

[0043] In Type 10, the first reactive compound is a bifimctional 
compound having two hydroxyl groups, the second reactive compound 
is a bifimctional compound having two groups selected firom among 
carboxyl, ester and haloformyl, and the polymerization reaction is a 
polycondensation reaction. 

[0044] Preferred examples of this type are die following Types 10a- 
lOd: 

(Type lOa) 

[0045] In Type lOa, the JBrst reactive compound is a bifimctional 
compound having two hydroxyl groups in die molecule, and die second 
reactive compound is a bifimctional compound having two carboxyl 
groups in the molecule. In this type, in the reaction step, the following 
polycondensation reaction takes place, and a fiber-reinforced plastic 
having thermoplastic properties is thus obtained. 



IS 
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HOOC 



COOH 



-H2O 



Jn 



(Type 10b) 

[0046] In Type 10b, the first reactive compound is a bifiinctional 
compound having two hydroxyl groups in the molecule, and the second 
reactive compound is a bifimctional compound having two ester groups 
in the molecule. In this type, in the reaction step, the following 
polycondensation reaction takes place, and a fiber-reinforced plastic 
having thermoplastic properties is thus obtained. 



0 

CH3OC 



O 

COCH3 



-CH3OH 



-0-C 




10 (Type 10c) 

[0047] In Type 10c, tiie first reactive compoimd is a bifimctional 
compound having two hydroxyl groups in the molecule, and the second 
reactive compound is a bifimctional compound having two haloformyl 
groups in the molecule. In this type, in the reaction step, the following 

15 polycondensation reaction takes place, and a fiber-reinforced plastic 
having thermoplastic properties is thus obtained. 
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[0048] In the method of manufacturing the fiber-reinforced plastic 
having thermoplastic properties, reinforcing fibers having aspect ratio of 
100 or more (or 1000 or more) as a fOament are preferred. A 
5 reinforcing fiber knitted web (reinforcing fiber textile, reinforcing fiber 
knit, reinforcing fiber scrim or reinforcing fiber nonwoven cloth) can 
also be used. By using reinforcing fibers or reinforcing fiber knitted 
web having an aspect ratio equal to the above value or more, the degree 
of reinforcement of the thermoplastic resin can be increased, and a 
10 fiber-reinforced thermoplastic resin having superior mechanical 
properties can be manufactured. 

[0049] The reinforcing fibers may be for example organic fibers such 
as carbon fibers or alamide fibers, or inorganic fibers such as glass 
fibers, but fi^om the viewpoint of easy acquisition and economics, glass 

1 5 fibers are preferred. 

[0050] The filament diameter of the glass fibers used as the 
reinforcing fibers is preferably of the order of 3-23pm, there being no 
particular limitation on the type of glass fiber, and not only E glass and 
S glass which are often used as reinforcing fibers, but also C glass and A 

20 glass may be used. The cross-section of the glass fiber filaments may 
be circular, or a non-circular shape such as ellipsoidal or cocoon-shaped. 
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[0051] The ^ass fibers may be short fibers such as milled glass fibers 
or chopped strand glass fibers, or long fibers such as glass fiber roving 
or glass fiber yam. Glass fiber knitted web such as glass fiber textile, 
glass fiber scrim^ glass fiber knit and glass fiber non-wovencloth, or 
5 glass fiber chopped strand mat, may also be used. The ^ass fiber may 
also be surface-treated with a surface treatment agent such as a silane 
coiq)ling agent. 

[0052] When glass fiber roving is cut, glass fiber strand comprising a 
bundle of about 50-3000 glass fiber filaments is wound into a 

10 cylindrical shape, and the strand is cut into lengths of 6mm-100mm 
(more preferably, 13mm-50mm) as it is sleaved. 
[0053] Preferred glass fiber textile is the one which is obtained by 
weaving glass fiber bundles of a 5-500TEX preferably 22-135TEX) as 
transverse or longitudinal filaments so as to have the weave density 

15 preferably being 16-64 filaments/25mm in the transverse direction and 
15-60 filaments/25mm in the longitudinal direction. 
[0054] In the mixing step, a mixture of the aforesaid uncured 
thermosetting resin (preferably, comprising the first reactive compound 
and second reactive compound) and reinforcing fibers is prepared. If 

20 the reinforcing fibers used do not have the planar structure of fiber- 
reinforced knitted web, the mixture can be obtained by adding short 
reinforcing fibers to the uncured thermosetting resin, stirring and mixing. 
On the other hand, if the reinforcing fibers do have the planar structure 
of fiber-reinforced braid, in addition to the above method, the imcured 

25 thermosetting resin can be coated and impregnated on the glass fiber 
braid. 
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[0055] The mixture is not particularly limited provided that it contains 
the uncured thermosetting resin and reinforcing fibers as essential 
ingredients, and may also contain other additives if desired such as an 
organic solvent, reaction accelerator, coupling agent, pigment, 
5 wettability adjusting agent and antifoaming agent. 

[0056] If the reinforcing fibers are glass fibers, the ratio of uncured 
thermosetting resin to reinforcing fibers in the mixture is preferably 10- 
75 parts by weight, but more preferably 25-70 parts by weight of glass 
fiber to 100 parts by weight of the uncured thermosetting resin. If the 
10 amount of glass fiber is less than 10 parts by weight, the mechanical 
strength of the obtained thermoplastic fiber-reinforced plastic is too low, 
and if it exceeds 75 parts by weight, the plastic surrounding the glass 
fiber is insufficient and gaps may occur. 

[0057] Li the mixture, if an organic solvent, reaction accelerator, 
15 coupling agent, pigment, wettability adjusting agent and antifoaming 
agent are added, the amount of these additives is preferably 10-100 parts 
by weight, 0.01-5 parts by weight, 0.1-5 parts by weight, 0.1-5 parts by 
weight, 0.1-5 parts by weight and 0.01-0.01 parts by weight relative to 
100 parts by weight of the uncured thermosetting resin, respectively. 
20 [0058] In the reaction step, a polymerization reaction takes place 
depending on the type of uncured thermosetting resin descnbed above. 
If the mixture contains a volatile ingredient such as an organic solvent, 
it is preferable to perform the polymerization reaction after removing 
this volatile ingredient. Since the polymerization reaction takes place 
25 in the presence of the reinforcing fibers and desired additives, the 
reinforcing fibers and desired additives are distributed throughout the 
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fiber-reinforced plastic having thermoplastic properties. Since it is a 
mixture of the thermosetting resin prior to polymerization and the 
reinforcing fibers which is polymerized, compared to the case where 
reinforcing fibers are added to thermoplastic resin having large 
5 molecular weight as in the prior art, adhesive properties at the interfaces 
between the plastic with thermoplastic properties and the reinforcing 
fibers are good, and the mechanical properties (sheer strength, impact 
strength) of the product are superior. 

[0059] The mixture obtained in the mixing step may be molded by 
10 injecting into a mold having a desired shape, or tiie product obtained 
after adjusting the viscosity by adding desired additives may first be 
laminated by the spray up or hand lay-up molding, and then molded. 
The molded product can be manufactured by performing the reaction 
step after this procedure. In this case, since a mixture containing the 
15 thermoplastic resin prior to polymerization is used, molded products 
having various shapes, including molded products with fine or complex 
shapes, can easily be manufactured without defects. 
[0060] In the thermoplastics obtained in the reaction step, the 
softening point at which the storage modulus (starage elastic modulus) 
20 (Pa) is 1/10 of the storage modulus (Pa) at 300 K is preferably between 
310-450K, and at a temperature equal to or above the softening point, 
the storage modulus (Pa) is preferably 1/100 of the storage modulus 
(Pa) at 300 K or less. 

[0061] In the thermoplastics obtained in the reaction step, the value of 
25 (E1-E2)/(T2-T1) when the storage moduli (Pa) at temperatures (K) Tl 
and T2 (Tl<r2) below 450K are respectively El and E2, is preferably 
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1x10^-1x10^° (Pa/K). 

[0062] Due to forming the aforesaid thermoplastics in the reaction 
step, in the vicinity of ordinary temperature (e.g., 20-90°C), a fiber- 
reinforced plastic having thermoplastic properties which shows 
5 equivalent mechanical properties to fiber-reinforced resin (FRP) having 
a thermoplastic resin as matrix resin, which liquefies easily at high 
temperature (e.g., 100°C or more), and which permits forming, reuse 
and recycling, can be obtaioed. The storage modulus (Pa) is a value 
obtained by molding the thermoplastics which is the matrix resin of the 
10 fiber-reinforced thermoplastics into a sheet, and performing a 
viscoelasticity test (dual cantilever bending mode, fi-equency IHz). 
(EXAMPLES) 

[0063] Hereafter, some examples of the invention will be described m 
detail, but the invention is not to be construed as being limited in any 

15 way thereby. 

[0064] First, the number of parts by weight of the starting materials 
shown in Table 1 were mixed, and 31 parts by weight of methyl 
cellosolve was added as solvent to lower the viscosity to prepare the 
mixture of Type la (mixing step). The obtained mixture did not 

20 undergo a polymerization reaction during preparation or storage at room 
temperature. 
(Table 1) 
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Starting Material 
Used 


Chemical Type 


Parts by 
weight 


EPICLON HP- 

4032 


Dai Nippon Ink Chemical Industries 

naphthalene epoxy resin 


100 


BPA-M 


Mitsui Chemicals bisphenol A 


16J 


1,6-DON 


Sugai Chemicals 1,6-dihydroxynaphthalene 


45 


PaphenPKHP-200 


Tomoe Chemicals phenoxy resin 


50 


TPP-K 


Hokko Chemicals tetraphenylphosphonium - 
tetraphenylborate 


0.5 


ST86PA 


Toray-/Dow Coming-Silicone antifoaming 
agent 


0.01 


Methyl cellosolve 


Methyl cellosolve 


90 



[00651 Next, a glass fiber textile (Glass Cloth, Nitto boseki Ltd., 
WF230N, thickness: 0,22min, mass: 203g/m^, silane coupling agent- 
treated) as reinforcing fiber was placed on a mold release paper, the 
aforesaid mixture heated to 40°C was passed over it, and it was cover- 
10 impregnated as thinly as possible by a rubber blade so that the glass 
fiber was completely wetted. Drying was performed in a hot air drying 
fiimace at IOO°C for about 20 minutes, the methyl cellosolve in the 
mixture was evaporated, and a prepreg comprising the imreacted 
reactive compounds (naphthalene epoxy resin, bisphenol A and 1,6- 
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dihydroxynaphthalene) was thus obtained. Since the mixture 
contained reactive compounds, even after the methyl cellosolve solvent 
was vaporized, the viscosity of the mixture was lowered by heating and 
the glass fiber was easily impregnated. 
5 [0066] After drying was complete, the prepreg was cut to 
250mmx250mm, 12 sheets of the cut prepreg were superimposed and 
enclosed in film, contact heating was performed in a mold heated to 
120°C for 5 minutes, the prepreg was taken out of the mold, and air was 
removed by a roller The prepreg was again set in the mold, the mold 

10 temperature was raised to 160°C, press molding was performed by 
crawling at a press pressure of lOOkg/cm^ for one hour to complete the 
polymerization reaction, and a molded fiber-reinforced thermoplastic 
resin was thereby obtained. Air bubbles were not observed on the 
surfece or cross-section of the obtained molded product, and the surface 

15 appearance was good. The mixture was heated at 150-160''C for 1 
hour to cause a polymerization reaction, and after the reaction shown by 
the following chemical equation, a linear polymer having no cross 
linking structure was obtained. 
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"VT^'^^^ +nHO-Ar-OH n ^^r^^ OArOH 

0 0 O OH 




O-ArOH 



[0067] Next, the obtained fiber-reinforced plastic having 
thermoplastic properties (hereafter, "heat melting FRP") molded product 
was compared with an ordinary FRP (FRP having a phenol novolak 

5 epoxy acrylate ester resin as parent material (hereafter, "RefFRP")) as 
regards viscoelasticity and chemical resistance (weight change and 
thickness change in 10% sulfuric acid immersion test, and weight 
change and fliickness change in 10% sodium hydroxide aqueous 
solution immCTsion test). The test method was as fi)llows. 

10 Viscoelasticity test 

[0068] The measurement mode was dual cantilever bending, the 
fi-equmcy was IHz, and the measurement temperature was in the range 
of -40°C-160**C. The temperature dependence of storage modulus and 
tan 5 were calculated. 

15 Chemical resistance 

[0069] The acid resistance test solution was 10% sulfuric acid, the 
alkali resistance test solution was 10% sodium hydroxide aqueous 
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solution, the test temperature was 25°C and the test piece size was 
25mm x 25nmi x 2.8mm. The weight change rate and thickness 
change rate afier immersion in the above aqueous solutions were 
calculated. 

5 [0070] FIG 1 shows the measurement results for storage modulus, 
and FIG. 2 shows the measurement results for tan 5. Regarding the 
storage modulus (K), at a temperature equal to or less than the glass 
transition temperature (Tg, temperature of peak of tan 5), the heat 
melting FRP shows a slightly higher value than the RefFRP, and the 
ID temperature at which E' sharply decreases (approximately equivalent to 
Tg) is substantially identical. 

[0071] From the result of the temperature dispersion of the loss (tan 5), 
in the case of RefFRP, as in the case of an ordinary thermosetting resin, 
tan 5 increases sharply when reached Tg, but above Tg, it returns to the 

15 original low value. On the other hand, in the case of the heat melting 
FRP, tan 5 increases sharply when reached Tg, and even at higher 
temperatures, despite a sli^t decrease, tan 5 maintained a high value 
without returning to the original value. This shows that viscous 
properties of the heat melting FRP increase, and melting (re- 

20 liquefaction) of the heat melting FRP takes place at and above Tg of the 
parent material. 

[0072] From the above, although in the vicinity of ordinary 
temperature (20-90°C), the heat melting FRP has equivalent mechanical 
properties to those of an ordinary FRP, in tiie high temperature region of 
25 lOO^C and above, it liquefies easily, so that secondary treatment, reuse 
and recycling are possible. 



28 



2005$ 6fl24B 1 Wli) SOEI PATET 4 LAW FIRM NO. 2141 P. 39 

FP03-0436.00 

[0073] From FIG. 1, for the thermoplastic resin in the heat melting 
FRP, the softening point at which the storage modulus (Pa) is 1/10 of the 
storage modulus (Pa) at 300K is between 310-450K, and at a 
temperature equal to or above this softening point, the storage modulus 
5 (Pa) is 1/100 of the storage modulus (Pa) at 300 K or less. Further, for 
the thermoplastic resin in the heat melting FRP, the value of (El- 
E2)/(T2-T1) when the storage moduli (Pa) at temperatures (K) Tl and 
T2 (TKT2) below 450K are respectively El and E2, is within the range 
IxloMxlO^Va/K). 
10 [0074] On the other hand, from FIG 3 and FIG. 4, in the acid 
resistance test, the heat melting FRP showed sKghtly less variation than 
the RefFRP for both weight and thickness, but they both had 
substantially identical acid resistance. 

[0075] From FIG 5 and FIG 6, in the alkah resistance test, the 
15 RefFRP showed a weight increase from start of inunersion to 100 hours, 
but thereafter the weight started to decrease. This is thought to be due 
to the fact that the molecular weight of the resin decreases due to 
hydrolysis of the ester bond in the presence of alkali, so that it dissolved 
in the immersion solution. On the other hand, with the heat melting 
20 FRP, the weight increased even after 600 hours from start of the test, the 
thickness increased up to about 400 hours after immersion, and 
thereafter it became constant. This is thought to be due to the fact that 
since the parent material of the heat melting FRP is a phenolic 
hardening epoxy resin, there is no ester bond in the skeleton, and so 
25 hydrolysis does not occur even under alkaline conditions, 

[0076] From these results, it was clear that the heat melting FRP has 
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an acid resistance equivalent to that of a vinyl ester general FRP, and 
that it has an alkali resistance superior to that of a vinyl ester general 
FRP. 

[0077] As described hereinabove, therefore, the present invention 
5 provides a method of manufacturing a fiber-reinforced thermoplastics 
suitable for manufacturing molded products of various shapes including 
fine or complex shapes, which can suppress void at the interfaces 
between the tiiermoplastics and reinforcing fibers to a sufficient level. 
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